Plants have been utilized to treat a wide range of diseases in Turkey. Dental caries is the most common infectious disease affecting humans. This paper was documented traditional knowledge on medicinal plants used to treat oral and dental diseases in Turkey. Pharmacological and phytochemical studies for each species were also reviewed. According to result of this study, 76 medicinal plants belonging to 30 families were reported. Toothache was the disorder treated by the highest number of species (41 taxa), followed by oral wounds (17 taxa). The most common used medicinal plant species was Hyoscyamus niger L.
Introduction
Turkey is one of the richest countries in the world in terms of plant diversity. To date approximately 11.700 plant taxa have been identified and 31% of them are endemic [1] . The ratio of endemism is one of the most important indicators to evaluate environmental value of an area. Besides, Turkey is considered to be one of the richest countries in terms of cultural heritage. A number of human races and tribes who settled during different periods brought different cultures and customs. For this reason, it is considered that studies carried out in Turkey could display valuable ethnobotanical data.
Medicinal plants have been utilized to treat a wide range of diseases including oral and dental diseases in Turkey. Gürsoy and Gürsoy [2] . reported 17 plants used commonly in oral and dental diseases in Anatolia. Oral health is essential to general health and quality of life. Globally, about 30% of people aged 65-74 have no natural teeth. The most common oral diseases are dental cavities, periodontal (gum) disease, oral cancer, oral infectious diseases, trauma from injuries and hereditary lesions. Risk factors for oral diseases include an unhealthy diet, tobacco use, harmful alcohol use, poor oral hygiene and social determinants. According to the data given by Ministry of Health of the Republic of Turkey 96% of Turkish people has oral and dental diseases. Dental screening researches shows that 85% of the participants have oral and dental diseases, oral and dental diseases are common and this situation harms the economics.
The microflora of the mouth contains hundreds of species of aerobic and anaerobic bacteria. Toothaches are mainly due to bacterial infection. Cultural studies indicate that more than 500 distinct microbial species can be found in dental plaque [3] . Porphyromonas gingivalis, Tannerella forsythensis, Treponema denticola, Candida albicans, Streptococcus mutans are some microorganisms associated with oral and dental diseases [4] .
Local antibiotics, local antiseptic drugs and systemic antibiotics widely used for treatment oral and dental diseases. Chlorhexidine, the most commonly used compound in various mouthrinses is a proved antimicrobial agent. But prolonged use of Chlorhexidine can cause several side effects including staining of teeth, gastrointestinal problems, gingivitis, dry mouth and many more [5] . In recent years, multiple drug/chemical resistance human pathogenic microorganisms have been developed.
The bacterial resistance to the antimicrobial traditional agents, besides its adverse effects, stimulates the development of researches on natural products with antimicrobial activity, aiming at new therapeutic alternatives in order to prevent caries. Sage is one of the natural source used for oral and dental diseases. The anti-microbial properties as well as the tannins based astringent activities of sage (active ingredient of dental-care herbal medicinal preparations) benefit the reduction in plaque growth, the inhibition of gingival inflammation and have positive effects on caries prophylaxis [6] . Thymol, menthol, eucalyptol are the natural agents found in antiseptic mouthrinse solutions as an ingredient [7] .
In this sense, the present study aims to document the traditional uses of medicinal plants used to treat oral and dental diseases in Turkey. Pharmacological properties and identified constituents of medicinal plants were given to support the traditional data and lead to new researches.
Materials and methods
We reviewed studies published in journals, reports and books between 1979 and 2014 dealing with traditional uses of medicinal plants in Turkey to treat various oral and dental diseases. A list was produced, providing local names, mode of use, plant part used, ailments treated, identified constituents, pharmacological properties and references for each taxon. Besides, we searched the databases for pharmacological or phytochemical studies which supports medicinal uses in oral and dental diseases of each species. In this context, studies which are including antimicrobial, antiinflammatory, antiplaque, wound healing and analgesic activities of plants were searched.
Results
Medicinal plants used for oral and dental diseases in Turkey are presented in Table 1 and arranged in alphabetical order of their family and botanical names, with the relevant information ( Table 1) . A total of 76 taxa belonging to 30 families were reported as being traditionally used to treat oral and dental ailments in Turkey. Most of the reported medicinal plant species were Angiosperms (71 taxa: 69 Dicotyledones, 2 Monocotyledones). The most common medicinal plant families were Lamiaceae (13), Asteraceae (9), Rosaceae (6), Anacardiaceae (4), Fabaceae (4), Malvaceae (4) and Moraceae (4).
The most frequently used plant parts were the fruits (13) followed by leaves (11), herba (7) and flowers (6). Decoction (24) was the most frequently used preparation technique, followed by infusion (12) , crushing (7), vaporization (3), grinding (3), heating (2) , and the others (3) (Figure 1 ). The most frequently used administration methods were gargle (20) , applying on tooth (14) , and chewing as gum (7) (Figure 2 ). External application (44) was used more often than internal application (9). determined that H. niger (Diş otu, Ban otu) which has been declared in 18 localities used for toothache in 14 ethnobotanical studies, used for gingival diseases in 7 ethnobotanical studies, used for both of them in 5 studies and used for oral and dental hygiene in 1 ethnobotanical study. The reported plants were used in 9 different oral and dental disease categories (Toothache, oral wounds, gingival diseases, aphtha, oral hygiene, weakness of gums, halitosis, lip chap, bleeding of gum). Toothache was the ailment treated by the highest number of species (41) 
Conclusions and discussion
Dental caries is the most common infectious disease affecting humans. Systemic diseases such as cardiovasculer diseases, low birth weight, bacterial pneumonia and diabetes mellitus are associated with oral infection [8] . There are a number of herbs that can help eliminate inflammation and infection associated with periodontal diseases. A total of 76 taxa belonging to 30 families were reported in the literature as being traditionally used in Turkey to treat different oral and dental ailments. Vieira et al. [9] . reported 34 plant species used in dental diseases in the study which conducted in Maranhao State of Brazil. Hebbar et al. [10] reported 35 plants species used in oral health care in Karnataka, India. Ganesan [11] reported 114 plants species as traditional oral care medicinal plants from Tamil Nadu. Some species reported in those studies are similar to our findings such as Allium sativum, Ficus carica, Malva sylvestris, Melissa officinalis, Plantago major and Salvia officinalis. Toothache was determined as being treated by the highest number of species not only in the present study, but also in Hebbar et al. [10] and Ganesan's [11] study.
Lamiaceae and Asteraceae which were represented by the highest number of species in our paper were the most common families used to treat oral and dental diseases in India, Brazil and Mexico as well [9, 11, 12] . Infusion was the most frequently used preparation method in the studies carried out by Rosas-Pinon et al. [12] and Vieira et al, [9] while decoction was the most frequently used method in the present study.
Convolvulus galaticus Rostan ex Choisy which was the only endemic plant reported in this study was grouped under "Least concern" category according to the Red Data Book of Turkish Plants. Salvia fruticosa Miller was the other plant species that was stated in "Vulnerable" threat category [13] .
We reported that Hyoscyamus niger was the most widely used medicinal plant to treat oral and dental diseases. It is used for toothache, gingival diseases and oral and dental hygiene. Hyoscyamine and scopolamine which are active compounds of the plant were shown to have analgesic activity [14] . Begum et al. [15] reported analgesic and antiinflammatory activity of the methanolic extract of H. niger seeds. Therefore, H. niger is supposed to be useful for oral and dental health products. Although analgesic and antiinflammatory activity of the plant was shown, clinical studies should be cary out. According to Table 1 a wide range of phenolic compounds have been identified as active principle(s) in some of the plants. Polyphenolic compounds from Glycyrrhiza glabra L. root namely glabridin, licochalcone A was proved to have antifungal activity on C. albicans. As a consequence, it is suggested that licochalcone A and glabridin should have therapeutic efficacy for C. albicans oral infections [16] . Thymol and carvacrol, monoterpenoid phenolic compounds, is responsible for antiinflammatory and antifungal activity of some Origanum L. and Thymus L. species [17] [18] . Gentisic acid and dihydroxybenzoic acid from Ceratonia siliqua L. was demonstrated to have analgesic and antiinflammatory activity. Alkaloids are the other active component group has been widely represented in the plants. Berberine and Berbamine were the main antiinflammatory, antinociceptive and antipyretic alkaloids in the roots of Berberis vulgaris L. [19] . Tropane alkaloids hyoscyamine and scopolamine from some Hyoscyamus L. species was shown to have analgesic activity [14] . The analgesic activity of morphine from Papaver somniferum L. was known commonly [20] .
Medicinal plants also need to be evaluated in terms of their toxicity, potential side effects and drug interactions. For intance, glabridin and licochalcone A were demonstrated to have toxicity towards oral epithelial cells while glycyrrhizic acid have no toxicity [16] . Warfarin is one of the most frequently used oral anticoagulants for prevention of blood clotting. Combination of warfarin and Allium sativum has been reported to cause postoperative bleeding and spontaneous spinal epidural haematoma [21] .
As a conclusion, the folk medicinal plants used in oral and dental disease in Turkey and their pharmacological properties with phytochemical constituents were recorded by this research. Our study shows potential for institutionalization of medicinal plants as an alternative and complementary medical system. The 55 plants reported in this study have been found to assay for their related pharmacological activities and 51 plants have been found to determine their phytochemical constitutents. More phytochemical and pharmacological studies are needed for the rest of the plants. These available data can provide evidential support for the development of potential plant-based products which will be cheaper and with fewer side effects. Papaver somniferum L./ Haşhaş Latex Apt Toothache Analgesic [20] 
